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@  Lignin-modified  phenolic  adhesives  for  pressed  wood  products. 

57  An  improved  modified  phenol-formaldehyde  resin,  and  a 
process  for  its  preparation,  which  contains  lignosulphonates  is 
described.  Typically,  the  lignosulphonates  are  in  the  form  of 
black  liquor.  These  resins  are  made  by  including  with  the  phenol 
a  small  amount  of  potassium  ferricyanide.  Unlike  the  known 
processes  utilizing  black  liquors  and  the  like,  this  process  ap- 
pears  to  be  far  less  susceptible  to  the  inherent  variability  of 
these  liquors.  These  resins  can  be  easily  converted  into  a  solid 
by  spray  drying,  and  find  use  as  adhesives,  for  example  in  board 
products. 



T h i s   i n v e n t i o n   r e l a t e s   to  m o d i f i e d   p h e n o l - f o r m a l -  

d e h y d e   r e s i n s ,   and  to  m e t h o d s   of  t h e i r   p r e p a r a t i o n .   I n  

p a r t i c u l a r   i t   r e l a t e s   to  m e t h o d s   of  i n c o r p o r a t i n g   i n t o   a  

p h e n o l - f o r m a l d e h y d e   r e s i n   w a s t e   m a t e r i a l s   r e s u l t i n g   f r o m  

p a p e r   m a k i n g   p r o c e d u r e s ,   t o g e t h e r   w i t h   an  a l k a l i   f e r r i c y a -  

n i d e ,   and  to  t he   m o d i f i e d   r e s i n   t h u s   o b t a i n e d .  

P a r t l y   as  a  r e s u l t   of  c o s t   and  p a r t l y   as  a  c o n s e -  

q u e n c e   of  a v a i l a b l e   s u p p l i e s   i t   has  l ong   been   t he   p r a c t i c e  

to  p r e p a r e   p h e n o l - f o r m a l d e h y d e   r e s i n s   f rom  m a t e r i a l s   w h i c h  

a r e   n e i t h e r   p u r e   p h e n o l   nor   p u r e   f o r m a l d e h y d e .   In  b o t h  

c a s e s   m a t e r i a l s   of  a  t e c h n i c a l   l e v e l   of  p u r i t y   a r e   c o m m o n l y  

u s e d .   But  of  t h e s e   two,   t he   p h e n o l   c o m p o n e n t   is  by  f a r   t h e  

more  e x p e n s i v e .   As  a  c o n s e q u e n c e   many  e f f o r t s   have   b e e n  

made  to  r e p l a c e   t he   p h e n o l   e i t h e r   c o m p l e t e l y ,   f o r   i n s t a n c e  

as  in  u r e a - f o r m a l d e h y d e   and  m e l a m i n e - f o r m a l d e h y d e   r e s i n s ,  

or  a t   l e a s t   in  p a r t   w i t h   a n o t h e r   s u b s t a n c e   and  t h u s   o b t a i n  

e i t h e r   a  d i f f e r e n t   r e s i n   w i t h   new  u s e s   (as   in  t he   c a s e   w i t h  

t he   use   of  u r e a   or  m e l a m i n e )   or  a  r e s i n   w i t h   a p p r o x i m a t e l y  

t h e   same  p r o p e r t i e s   b u t   w h i c h   is  c h e a p e r .   In  t h i s   c o n t e x t  

i t   mus t   be  u n d e r s t o o d   t h a t   " r e p l a c e m e n t "   d o e s   no t   mean  t h e  

i n c o r p o r a t i o n   of  an  i n e r t ,   or  r e l a t i v e l y   i n e r t ,   d i l u e n t   f o r  

t he   p h e n o l .   What  is   s o u g h t   is  a  r e p l a c e m e n t   s u b s t a n c e  

w h i c h   w i l l   t a k e   p a r t   in  t he   c h e m i s t r y   of  e i t h e r   t he   r e s i n -  

m a k i n g   p r o c e s s   o r ,   w h e r e   a p p l i c a b l e ,   t he   r e s i n   c u r i n g  

p r o c e s s   or  even   in  b o t h   r e s i n   m a k i n g   and  c u r i n g .   T h e s e  

r e s t r i c t i o n s   s e v e r e l y   l i m i t   t he   number   of  p o s s i b l e  



s u b s t a n c e s   t h a t   can  be  c o n s i d e r e d   as  p o t e n t i a l   r e p l a c e m e n t  

s u b s t a n c e s   f o r   p h e n o l   in  p h e n o l - f o r m a l d e h y d e   r e s i n  

s y s t e m s .  

A l l   p a p e r - m a k i n g   p r o c e s s e s   w h i c h   e m p l o y   a  c e l l u -  

l o s i c   m a t e r i a l   f e e d ,   i r r e s p e c t i v e   of  w h e t h e r   t he   o v e r a l l  

p r o c e s s   i s   d i r e c t e d   t o w a r d   f i r s t   q u a l i t y   bond  p a p e r   or  l o w  

q u a l i t y   b o a r d   f o r   p a c k a g i n g ,   i n c l u d e   as  an  e a r l y   s t e p   a  

p r o c e d u r e   w h e r e b y   t h e   c e l l u l o s i c   f e e d ,   s u c h   as  wood,   s t r a w  

or  b a g a s s e   is  r e d u c e d   to  a  f i b r o u s   m a s s .   T h a t   p u l p   p r e p a -  
r a t i o n   s t e p   a l s o   p r o d u c e s   as  a  b y p r o d u c t   an  a q u e o u s   c o m p l e x  

m i x t u r e   of  o r g a n i c   m a t e r i a l s .   The  w a t e r - i n s o l u b l e   p a r t   o f  

t h i s   m i x t u r e   is  g e n e r a l l y   r e m o v e d   by  a  s u i t a b l e   p r o c e d u r e .  

The  r e m a i n d e r   of  t h e   m i x t u r e ,   c o m p r i s i n g   a  c o m p l e x   s o l u t i o n  

in  w a t e r   ( w h i c h   is   to  be  t a k e n   as  i n c l u d i n g   b o t h   e m u l s i o n s  

and  c o l l o i d a l   s u s p e n s i o n s ) ,   is   g e n e r a l l y   t r e a t e d   to   r e m o v e  

a t   l e a s t   some  of  t h e   w a t e r   and  t h e n   d i s c a r d e d .   D i s p o s a l   o f  

t h i s   m a t e r i a l   p r e s e n t s   a  v e r y   d i f f i c u l t   p o l l u t i o n   p r o b l e m .  

T y p i c a l l y ,   t he   w a t e r   is   r e m o v e d   to  p r o v i d e   an  a q u e o u s  
m a t e r i a l   c o n t a i n i n g   a b o u t   50%  to  55%  of  o r g a n i c   s u b s t a n c e s :  

t h a t   i s ,   to  a  s o l i d s   c o n t e n t   of  a b o u t   50%  to  55%,  b y  

w e i g h t .  

R e g a r d l e s s   of  w h e t h e r   t h e   p u l p i n g   p r o c e s s   u s e d   i s  

t he   s u l p h i t e   p r o c e s s ,   t h e   k r a f t   p r o c e s s ,   or  a  t h e r m o -  

m e c h a n i c a l   p r o c e s s ,   even   t h o u g h   t he   d e t a i l e d   c o n s t i t u t i o n  

of  t h i s   b y p r o d u c t   c h a n g e s ,   i t s   m a j o r   c o m p o n e n t   is   a  l i g n i n -  

d e r i v e d   m a t e r i a l ,   f r e q u e n t l y   a  l i g n i n   s u l p h o n a t e   ( a l s o  

d e s c r i b e d   as  a  l i g n o s u l p h o n a t e ) .   I t   is   known  t h a t   l i g n i n  

m a t e r i a l s   of  t h i s   t y p e   a r e   r e a c t i v e   t o w a r d   f o r m a l d e h y d e ,  

and  t h u s   v a r i o u s   a t t e m p t s   have   b e e n   made  to  use   t h e s e  

p a p e r m i l l s   b y p r o d u c t s   in  r e s i n s   as  a  p h e n o l   r e p l a c e m e n t .  

In  U n i t e d   S t a t e s   P a t e n t s   3 , 1 8 5 , 6 5 4   ( i s s u e d   May  25,  1965  t o  

West   V i r g i n i a   P u l p   and  P a p e r   C o m p a n y ) ;   3 , 2 2 7 , 6 6 7   ( i s s u e d  

J a n u a r y   4,  1966  to  The  B o r d e n   C o m p a n y ) ;   3 , 5 9 7 , 3 7 5   ( i s s u e d  

A u g u s t   3,  1971  to  G e o r g i a - P a c i f i c   C o r p o r a t i o n ) ;   a n d  

3 , 8 8 6 , 1 0 1   ( i s s u e d   May  27,  1975  to  G e o r g i a - P a c i f i c   C o r p o r a -  

t i o n )   a r e   d e s c r i b e d   p r o c e d u r e s   w h e r e b y   t h e   l i g n i n -  

c o n t a i n i n g   p o r t i o n   of  t h e s e   m a t e r i a l s   may  be  u s e d   i n  



p h e n o l - f o r m a l d e h y d e   r e s i n   s y s t e m s   i n t e n d e d   f o r   use  as  a d h e -  

s i v e s ,   f o r   e x a m p l e   in  t h e   m a n u f a c t u r e   of  p l y w o o d   a n d  

s i m i l a r   p r o d u c t s .  

A l l   of  t h e s e   p r o c e d u r e s   s u f f e r   f rom  at   l e a s t   o n e  

of  t he   f o l l o w i n g   d i s a d v a n t a g e s .   The  mos t   common  is   t h a t   i f  

a  u s e f u l   r e s i n  i s   to  be  o b t a i n e d   i t   is  n e c e s s a r y   to  p u r i f y  

or  i s o l a t e   t h e   l i g n i n   m a t e r i a l   f rom  t he   r e m a i n d e r   of  t h e  

m a t e r i a l s   in  t h e   l i q u o r   u s e d .   The  s e c o n d   d i s a d v a n t a g e   i s  

t h a t   c h e m i c a l   m o d i f i c a t i o n   of  t h e   l i g n i n   o f t e n   is   r e q u i r e d :  

e . g .   U n i t e d   S t a t e s   3 , 8 8 6 , 1 0 1   d e s c r i b e s   p o l y m e r i z i n g   l i g n i n  

s u l p h o n a t e s   w i t h   an  a l d e h y d e   or  e p o x y   c r o s s l i n k i n g   a g e n t ,  

and  U n i t e d   S t a t e s   3 , 6 5 8 , 6 3 8   d e s c r i b e s   p r e - r e a c t i n g   a  l i g n i n  

s u l p h o n a t e   w i t h   a  p h e n o l .   The  t h i r d   d i s a d v a n t a g e ,   m o r e  

common  in  t h e   e a r l i e r   w o r k ,   is  t h a t   t h e   l i g n i n - b a s e d  

m a t e r i a l   is  u s e d   m e r e l y   as  an  i n e r t   e x t e n d e r ,   and  is  n o t  

e x p e c t e d   or  e v e n   w a n t e d   to  t a k e   p a r t   in  t h e   r e s i n  

c h e m i s t r y :   as  a  c o n s e q u e n c e   at   l e a s t   some  i m p a i r m e n t   o f  

t he   r e s i n   p r o p e r t i e s   mus t   r e s u l t   f rom  the   d i l u t i o n .  

None  of  t h e   d e s c r i b e d   t e c h n i q u e s   h a v e   been   f o u n d  

s u c c e s s f u l ,   i n s o f a r   as  none   of  t h e s e   known  p r o c e s s e s   a p p e a r  

to  be  w o r k e d   on  a  c o m m e r c i a l   s c a l e .   But  t he   c o s t   of  p h e n o l  
is  s t e a d i l y   r i s i n g ,   and  t h e   p r e s s u r e   on  p a p e r   and  b o a r d  

m i l l   o p e r a t o r s   to  e l i m i n a t e   e n v i r o n m e n t a l   p o l l u t i o n   i s  

i n c r e a s i n g   r a p i d l y .   T h e r e   is  t h e r e f o r e   c o n s i d e r a b l e  

c o m m e r c i a l   s t i m u l u s   t o w a r d   t he   r e p l a c e m e n t   of  p h e n o l .  

Q u i t e   i n d e p e n d e n t l y   t h e   e l i m i n a t i o n   of  t h e s e   p a p e r   a n d  

b o a r d   m i l l   w a s t e   l i q u o r s   is   a l s o   v e r y   d e s i r a b l e ,   as  t h e y  

p r e s e n t   a  s e v e r e   p o l l u t i o n   p r o b l e m   and  s i m p l y   c a n n o t   b e  

d i s c a r d e d   i n t o   a  l o c a l   s e w e r   or  r i v e r .   P r o c e s s e s   w h i c h  

r e q u i r e   t he   i s o l a t i o n   or  p u r i f i c a t i o n   of  t h e   l i g n i n -  

m a t e r i a l   f rom  p a p e r   and  b o a r d   m i l l   w a s t e s   a r e   s e l f d e f e a t i n g  

to  an  e x t e n t ,   s i n c e   in  i s o l a t i n g   t h e   l i g n i n - m a t e r i a l   f r o m  

the   w a s t e   t h e r e   is   no  d e c r e a s e   in  t h e   o v e r a l l   a m o u n t   o f  

w a s t e   t h a t   h a s ,   s o m e h o w ,   to  be  d i s c a r d e d .   The  p o i n t   i s  

t h a t   p r o c e s s i n g   one  k i l o   of  b l a c k   l i q u o r   f rom  a  k r a f t  

p r o c e s s   p l a n t   to  r e m o v e   f rom  i t   t he   l i g n i n - b a s e d   m a t e r i a l  

p r e s e n t   s t i l l   l e a v e s   one  k i l o   of  a  d i f f e r e n t   l i q u i d   r e s i d u e  



f o r   d i s p o s a l .  

Many  a t t e m p t s   have   been   made  to  o v e r c o m e   t h e  

i n h e r e n t   l o s s   of  r e s i n   p r o p e r t i e s   t h a t   r e s u l t s   when  t h e  

l i g n i n   s u l p h o n a t e   is   u s e d   as  a  mere   d i l u e n t .   G e n e r a l l y ,  

two  m e t h o d s   have   b e e n   c o n s i d e r e d   in  o r d e r   to  o v e r c o m e   t h e  

o b s e r v e d   l o s s   of  p r o p e r t i e s ,   as  e v i d e n c e d ,   f o r   e x a m p l e   i n  

p o o r   b o a r d   p r o p e r t i e s   when  t h e s e   r e s i n s   a r e   used   to  m a k e  

w a f e r b o a r d s .   One  m e t h o d   s t u d i e d   has   b e e n   to  i n c o r p o r a t e  

the   l i g n i n   s u l p h o n a t e   in  t he   r e s i n   p r e p a r a t i o n   p r o c e d u r e ,  

o f t e n t i m e s   in  c o n j u n c t i o n   w i t h   t h e   use  of  s p e c i a l   r e a c t i o n  

t e c h n i q u e s .   E x a m p l e s   of  t h i s   a r e   U n i t e d   S t a t e s   3 , 8 8 6 , 1 0 1  

and  3 , 6 5 8 , 6 3 8   m e n t i o n e d   a b o v e .   W h i l s t   t h e s e   t e c h n i q u e s   d o  

p e r m i t   t h e   a m o u n t   of  p h e n o l   n e e d e d   to   be  d e c r e a s e d ,   t h e i r  

c o s t   e f f e c t i v e n e s s   is   q u e s t i o n a b l e ,   as  t h e   c o s t   of  t h e  

a d d e d   s t e p s   may  even   be  h i g h e r   t h a n   t h e   c o s t   s a v i n g  

r e s u l t i n g   f rom  the   d e c r e a s e   in  t h e   a m o u n t   of  p h e n o l   u s e d .  

A  s e c o n d   m e t h o d   s t u d i e d   has   b e e n   to  add  a  f o u r t h  

s u b s t a n c e   to   t h e   s y s t e m ,   to  a c t   as  a  c a t a l y s t ,   or  c o - c a t a -  

l y s t   i f   a d d e d   to  t he   r e s i n   m a k i n g   p r o c e s s ,   w h i c h   w i l l  

p e r s u a d e   t h e   l i g n i n   s u l p h o n a t e   to  e n t e r   i n t o   r e a c t i o n  

e i t h e r   w i t h   t h e   r e s i n ,   or  w i t h   some  of  t h e   r e s i n   r e a c t a n t s .  

For  e x a m p l e ,   U n i t e d   S t a t e s   P a t e n t   2 , 2 2 7 , 2 1 9   ( i s s u e d  

D e c e m b e r   31,  1940  to  G e n e r a l   E l e c t r i c   Company)   d e s c r i b e s   a  

r e s i n   m a k i n g   p r o c e d u r e   in  w h i c h   ammonia   or  an  amine   a r e  

a d d e d   s o m e t i m e   a f t e r   t h e   r e s i n   m a k i n g   r e a c t i o n   has   b e e n  

c o m m e n c e d ;   U n i t e d   S t a t e s   P a t e n t   3 , 8 8 6 , 1 0 1   p r o p o s e s   to  p r e -  
r e a c t   a  l i g n i n   s u l p h o n a t e   w i t h   an  a l d e h y d e   or  e p o x i d e ;   a n d  

U n i t e d   S t a t e s   P a t e n t   3 , 9 3 1 , 0 7 0   ( i s s u e d   J a n u a r y   6,  1976  t o  

G e o r g i a - P a c i f i c )   p r o p o s e s   to  i n c o r p o r a t e   a  t r i a l k y l  

p h o s p h a t e   i n t o   t h e   r e s i n   m i x t u r e .  

T h e s e   p r o p o s a l s   a g a i n   seem  to  be  of  d o u b t f u l  

v a l u e ,   s i n c e   e i t h e r   an  e x p e n s i v e   s u b s t a n c e   is  b e i n g   a d d e d ,  

or  t he   r e s i n   m a k i n g   p r o c e d u r e   is   b e i n g   made  more  c o m p l e x .  

T h e s e ; d i s a d v a n t a g e s   may  e f f e c t i v e l y   e l i m i n a t e   t he   p o t e n t i a l  

c o s t   b e n e f i t   of  t h e   e c o n o m y   in  e x p e n s i v e   p h e n o l   u s a g e   a l s o  

o b t a i n e d .  

Thus  no  s i m p l e   and  c o s t - e f f e c t i v e   t e c h n i q u e   s e e m s  



to  have   b e e n   d e s c r i b e d   w h e r e b y   a  l i g n i n   s u l p h o n a t e   may  b e  

a d v a n t a g e o u s l y   i n c o r p o r a t e d   i n t o   a  p h e n o l - f o r m a l d e h y d e  

r e s i n .   But  p h e n o l   c o n t i n u e s   to  i n c r e a s e   in  p r i c e ,   a n d  

p a p e r   and  b o a r d   m i l l   o p e r a t o r s   f i n d   i t   i n c r e a s i n g l y   d i f f i -  

c u l t   and  e x p e n s i v e   to  d i s p o s e   of  s p e n t   s u l f i t e   l i q u o r   o r  

b l a c k   l i q u o r .  

A  f u r t h e r   p o i n t   s h o u l d   be  c o n s i d e r e d .   In  a d d i -  

t i o n   to  p r o v i d i n g   a  c h e a p e r   r e s i n ,   i t   is  a l s o   e s s e n t i a l  

t h a t   t h e r e   be  no  i m p a i r m e n t   of  t h e   p r o p e r t i e s   of  a n y  

p r o d u c t s   made  f rom  t h e   r e s i n .   For  e x a m p l e ,   l i t t l e   i s  

g a i n e d   i f   a  c h e a p e r   r e s i n   p r o v e s   i n c a p a b l e   of  p r o v i d i n g   a  

w a f e r b o a r d   w h i c h   m e e t s   t h e   r e l e v a n t   i n d u s t r y   s t a n d a r d s   f o r  

s t r e n g t h ,   i n t e r n a l   b o n d ,   and  so  f o r t h .   Many  of  t h e  

p r o p o s e d   m o d i f i e d   r e s i n s   do  no t   p r o v i d e   w a f e r b o a r d   p r o d u c t s  

w i t h   a c c e p t a b l e   p r o p e r t i e s .  

A  t h i r d   d i s a d v a n t a g e   common  to  a l l   u s e s   of  t h e s e  

p a p e r   and  b o a r d   m i l l   r e s i d u e s   a l s o   is   of  i m p o r t a n c e .   B l a c k  

l i q u o r ,   or  s p e n t   s u l p h i t e   l i q u o r ,   as  made  in  a  m i l l   is  n o t  

a  s i m p l e   s u b s t a n c e .   I t   is   a  v e r y   c o m p l e x   m i x t u r e   o f  

s u b s t a n c e s ,   and  is   of  v a r i a b l e   c o m p o s i t i o n .   The  c o m p o s i -  

t i o n   g e n e r a l l y   w i l l   v a r y   due  to  t h e   i n h e r e n t   v a r i a b i l i t y   o f  

the   wood  b e i n g   p r o c e s s e d .   I t   v a r i e s   s i g n i f i c a n t l y   i f   t h e r e  

is   a  c h a n g e   in  t h e   s p e c i e s   b e i n g   p u l p e d .   The  c o m p o s i t i o n  

w i l l   a l s o   v a r y   as  a  c o n s e q u e n c e   of  any  c h a n g e s   in  t h e  

p u l p i n g   p r o c e d u r e   made  to  a f f e c t   t h e   q u a l i t y   of  t h e   d e s i r e d  

p a p e r   p r o d u c t .   I t   is   a  common  e x p e r i e n c e   t h a t   t h i s   v a r i -  

a b i l i t y   in  t he   b l a c k   l i q u o r   is   a l s o   r e f l e c t e d   in  any  r e s i n  

g l u e s   p r e p a r e d   u s i n g   i t .   To  a  d e g r e e   t h i s   can  be  a v o i d e d  

by  p u r i f y i n g   t h e   l i q u o r ,   bu t   t h e n ,   as  is   p o i n t e d   o u t   a b o v e ,  

t he   c o s t   a d v a n t a g e s   to  be  e x p e c t e d   f rom  d e c r e a s e d   p h e n o l  

can  be  l o s t   in  t h e   c o s t s   a s s o c i a t e d   w i t h   t h e   r e s i n   p u r i f i -  
c a t i o n   s t e p s .   T h i s   v a r i a b i l i t y   need   no t   be  m i n o r :   a  g i v e n  
r e s i n   w h i c h   has   f u n c t i o n e d   a d e q u a t e l y   when  a d m i x e d   w i t h   a  

l i g n i n   s u l p h o n a t e   l i q u o r   in  t he   p a s t   may  f a i l   c o m p l e t e l y  

when  p r o c e s s e d   in  t he   same  way  w i t h   a  new  b a t c h   of  l i g n i n  

s u l p h o n a t e   l i q u o r .   T h i s   i n a b i l i t y   to  c o n t r o l   f i n a l   r e s i n  

p r o p e r t i e s   in  t h e   f a c e   of  u n c o n t r o l l a b l e   b l a c k   l i q u o r   v a r i -  



a t i o n s   is  p e r h a p s   t h e   s i n g l e   mos t   s i g n i f i c a n t   r e a s o n   f o r  

t h e s e   s y s t e m s   b e i n g   l a r g e l y   u n u s e d   c o m m e r c i a l l y .  

We  have   now  d i s c o v e r e d   a  s i m p l e ,   e l e g a n t ,   a n d  

r e l a t i v e l y   i n e x p e n s i v e   t e c h n i q u e   w h e r e b y   a  l i g n i n  

s u l p h o n a t e   m o d i f i e d   p h e n o l - f o r m a l d e h y d e   r e s i n   can  b e  

p r e p a r e d   w h i c h   a p p e a r s   to  o v e r c o m e   many  of  t he   o b s e r v e d  

p r o b l e m s .   P a r t i c u l a r l y ,   t h i s   t e c h n i q u e   a p p e a r s   to  be  f a r  

l e s s   s u s c e p t i b l e   to  t he   o b s e r v e d   and  u n c o n t r o l l a b l e   c h a n g e s  

in  b l a c k   l i q u o r   s u p p l i e s .   F u r t h e r ,   t h e s e   m o d i f i e d   r e s i n s  

can  be  s p r a y   d r i e d   to  p r o v i d e   an  e a s i l y   h a n d l e d ,   s t o r e d ,  

and  t r a n s p o r t e d   p r o d u c t   w h i c h   n e v e r t h e l e s s   is  r e a d i l y  

d i s p e r s a b l e   in  w a t e r   to  p r o v i d e   a  l i q u i d   r e s i n   a g a i n .   T h i s  

p r o c e d u r e   m e r e l y   r e q u i r e s   t h a t   an  e f f e c t i v e   a m o u n t   o f  

p o t a s s i u m   f e r r i c y a n i d e   be  a d d e d   at  t he   c o r r e c t   t i m e   in  t h e  

r e s i n   m a k i n g   p r o c e s s ,   t he   o t h e r   r e s i n   m a k i n g   c o m p o n e n t s  

b e i n g   p h e n o l ,   f o r m a l d e h y d e ,   l i g n i n   s u l p h o n a t e  ( e i t h e r   a s  

r e c o v e r e d   s o l i d s   or  b l a c k   l i q u o r )   and  a  b a s i c   c a t a l y s t .  

Thus   in  i t s   b r o a d e s t   a s p e c t   t h i s   i n v e n t i o n  

p r o v i d e s   a  p r o c e s s   f o r   t h e   p r e p a r a t i o n   of  a  l i g n i n  

s u l p h o n a t e - m o d i f i e d   p h e n o l - f o r m a l d e h y d e   r e s i n   w h i c h  

c o m p r i s e s   t o g e t h e r   p h e n o l ,   f o r m a l d e h y d e ,   p o t a s s i u m   f e r r i -  

c y a n i d e ,   l i g n o s u l p h o n a t e ,   and  an  a l k a l i   or  a l k a l i   e a r t h  

b a s i c   c a t a l y s t   in  t he   f o l l o w i n g   r a t i o s :  

(a)  p h e n o l / f o r m a l d e h y d e :   f rom  1 : 1 . 8   to  1 : 3 . 0   on  a  

m o l a r   b a s i s ;  

(b)  p h e n o l / b a s i c   c a t a l y s t :   f rom  1 : 0 . 1   to  1 : 0 . 5   on  a  

m o l a r   b a s i s ;  

(c)  p h e n o l / p o t a s s i u m   f e r r i c y a n i d e :   f rom  100:1   t o  

10:1  on  a  w e i g h t   b a s i s ;   a n d -  

(d)  p h e n o l / l i g n i n   s u l p h o n a t e :   f rom  1 : 0 . 1   to  1 : 0 . 5   a s  

l i g n i n   s u l p h o n a t e   s o l i d s ,   or  f rom  1 : 0 . 2   to  1 : 1 . 0  

as  b l a c k   l i q u o r ,   on  a  w e i g h t   r a t i o   b a s i s ,  

p r o v i d e d   t h a t   i r r e s p e c t i v e   of  t h e   s e q u e n c e   i n  

w h i c h   t h e   r e a c t a n t s   a r e   m i x e d ,   t he   p o t a s s i u m  

f e r r i c y a n i d e   is  a d d e d   e i t h e r   w i t h   or  b e f o r e   t h e  

p h e n o l ,   t he   r e a c t i o n   b e i n g   c o n t i n u e d   u n t i l   t h e  

d e s i r e d   v i s c o s i t y   is  r e a c h e d .  



P r e f e r a b l y   t he   p h e n o l / f o r m a l d e h y d e   r a t i o   is  1 : 2 . 2  

on  a  m o l a r   b a s i s .  

P r e f e r a b l y   t h e   p h e n o l / c a t a l y s t   r a t i o   is  1 : 0 . 2 5   o n  

a  m o l a r   b a s i s ; ,   t he   c a t a l y s t   of  c h o i c e   is  s o d i u m   h y d r o x i d e .  

P r e f e r a b l y   t he   p h e n o l / l i g n i n   s u l p h o n a t e   s o l i d s  

r a t i o   is   in  t he   r a n g e   of  f rom  a b o u t   1 : 0 . 3 5   to  a b o u t   1 : 0 . 4 5  

by  w e i g h t ,   w h i c h   is   e q u i v a l e n t   to  a  p h e n o l / b l a c k   l i q u o r  

r a t i o   of  1 : 0 . 6 7   to  1 : 0 . 8 3   by  w e i g h t   a p p r o x i m a t e l y .  

P r e f e r a b l y   t h e   p h e n o l / p o t a s s i u m   f e r r i c y a n i d e  

r a t i o   is   f rom  50:1  to  25:1  on  a  w e i g h t   b a s i s .  

I t   is   n o t e d   a b o v e   t h a t   t he   c a t a l y s t   of  c h o i c e   i s  

s o d i u m   h y d r o x i d e .   The  o t h e r   a l k a l i   and  a l k a l i   e a r t h   b a s e s  

can  a l s o   be  u s e d ,   f o r   e x a m p l e   p o t a s s i u m ,   c a l c i u m   and  b a r i u m  

h y d r o x i d e s .   A n o t h e r   commonly   u s e d   b a s i c   c a t a l y s t   f o r  

p r e p a r i n g   r e s o l e   r e s i n s   is  a m m o n i a ,   or  ammonium  h y d r o x i d e .  

In  t h i s   p r o c e s s   a m m o n i a ,   and  ammonium  h y d r o x i d e ,   s h o u l d   b e  

a v o i d e d .   I t   a p p e a r s   t h a t   t h e   s t a b i l i t y   of  a q u e o u s   l i g n i n  

s u l p h o n a t e   s y s t e m s   is  pH  d e p e n d e n t ,   e s p e c i a l l y   in  t he   c a s e  

of  b l a c k   l i q u o r .   The  minimum  pH  v a l u e   f o r   s t a b i l i t y  

a p p e a r s   to  be  a t   a r o u n d   pH  9;  t h e   use  of  ammonia   o r  

ammonium  h y d r o x i d e   can  r e s u l t   in  l o w e r   pH  v a l u e s   t h a n   t h i s  

in  t he   r e s i n   r e a c t i o n   m a s s .   At  pH  v a l u e s   b e l o w   a b o u t   9 ,  

d e s t a b i l i z a t i o n   of  t he   b l a c k   l i q u o r   can  o c c u r   and  c a u s e  

s i g n i f i c a n t   p r o b l e m s   in  t he   r e s i n   m a k i n g   p r o c e s s .  
The  t e r m   " p h e n o l "   can  i n c l u d e   no t   o n l y   p u r e   a n d  

t e c h n i c a l   g r a d e   p h e n o l ,   bu t   a l s o   c r e s o l s   w i t h   a  h i g h   m e t a -  

and  p a r a - c r e s o l   c o n t e n t .   The  p r e f e r r e d   p h e n o l   c o m p o s i t i o n  

is   one  w i t h   a  b o i l i n g   r a n g e   of  1 8 0 °  -   2 0 0 ° C ,   and  c o n t a i n i n g  
no t   more  t h a n   15%  by  w e i g h t   or  o r t h o - c r e s o l   p l u s   x y l e n o l s .  

The  f o r m a l d e h y d e   can  be  u s e d   in  any  of  t h e  

c o m m e r c i a l l y   a v a i l a b l e   f o r m s   c o n t a i n i n g   f rom  37%  to  100% 

f o r m a l d e h y d e ,   s u c h   as  a q u e o u s   s o l u t i o n s ,   p a r a f o r m a l d e h y d e ,  
e t c .   An  a q u e o u s   f o r m a l d e h y d e   s o l u t i o n   is  p r e f e r r e d .   I t   i s  

a l s o   to  be  n o t e d   t h a t   in  v iew  of  t he   c o m m e n t s   a b o v e  

c o n c e r n i n g   the   use   of  ammonia   or  ammonium  h y d r o x i d e   as  t h e  

c a t a l y s t ,   t he   use  of  h e x a m e t h y l e n e   t e t r a m i n e   as  a  f o r m a l d e -  

hyde   s o u r c e   s h o u l d   be  a v o i d e d .  



The  l i g n i n   s u l p h o n a t e   m a t e r i a l   u sed   in  t h i s  

p r o c e s s   can  be  in  any  c o n v e n i e n t   f o r m .   The  most   c o n v e n i e n t  

and  t h e   c h e a p e s t   is  to  use   i t   s t r a i g h t   f rom  a  p a p e r   o r  

b o a r d   m i l l ,   p a r t i c u l a r l y   k r a f t   b l a c k   l i q u o r .   M o d i f i e d  

l i g n o s u l p h o n a t e s   can  a l s o   be  u sed   as  can  a l s o   l i g n i n  

s u l p h o n a t e   c o m p o s i t i o n s   o b t a i n e d   by  c o n c e n t r a t i n g   b l a c k  

l i q u o r s   to  r e m o v e   t he   w a t e r   t h e r e i n ,   i n c l u d i n g   d r y   l i g n i n  

s u l p h o n a t e   s o l i d s   o b t a i n e d   by  t h i s   r o u t e .   The  o n l y  

p r o p e r t y   of  t h e   m a t e r i a l   w h i c h   n e e d s   to  be  e s t a b l i s h e d   i s  

i t s   s o l i d s   c o n t e n t   in  o r d e r   to  e n s u r e   t h a t   a  p r o p e r  

p h e n o l / l i g n i n   s u l p h o n a t e   s o l i d s   w e i g h t   r a t i o   is  o b t a i n e d .  

I t   a l s o   a p p e a r s   t h a t   t h e   s o u r c e   of  t h e   l i g n i n   s u l p h o n a t e  

m a t e r i a l   i s   no t   v e r y   i m p o r t a n t .   U n l i k e   o t h e r   e a r l i e r  

d e s c r i b e d   p r o c e s s e s ,   t h i s   i n v e n t i o n   a p p e a r s   to  b e  

r e l a t i v e l y   i n s e n s i t i v e   to  c h a n g e s   in  t h e   l i q u o r   u s e d .  

The  r e s i n   p r e p a r a t i o n   r e a c t i o n   is  c a r r i e d   o u t  

u n d e r   e s s e n t i a l l y   c o n v e n t i o n a l   c o n d i t i o n s .   Due  to  t h e  

p r e s e n c e   of  t h e   l i g n i n   s u l p h o n a t e ,   some  m o d i f i c a t i o n s   i n  

t h i s   c o n v e n t i o n a l   p r o c e s s   a r e   p o s s i b l e .   I t   is   no t   n e c e s -  

s a r y   to  add  a l l   of  t h e   l i g n i n   s u l p h o n a t e   a t   t h e   b e g i n n i n g ;  

up  to  h a l f   can  be  a d d e d   i n i t i a l l y   and  t he   r e m a i n d e r   as  t h e  

r e a c t i o n   g o e s   a l o n g .   A l t e r n a t i v e l y ,   a l l   of  t h e   l i g n i n  

s u l p h o n a t e   can  be  a l l o w e d   to  p r e - r e a c t   w i t h   t he   f o r m a l d e -  

h y d e ,   b e f o r e   a d d i t i o n   of  t h e   r e m a i n i n g   r e a c t a n t s .   H o w e v e r ,  

t h e r e   is  one  e s s e n t i a l   r e q u i r e m e n t   t h a t   mus t   be  o b s e r v e d   i f  

a  s a t i s f a c t o r y   r e s i n   is   to  be  o b t a i n e d .   The  p o t a s s i u m  

f e r r i c y a n i d e   mus t   be  p r e s e n t   when  t he   p h e n o l   is   a d d e d .  

Thus  t he   p o t a s s i u m   f e r r i c y a n i d e   p r e f e r a b l y   is   a d d e d   i m m e d i -  

a t e l y   b e f o r e ,   or   w i t h ,   t h e   p h e n o l .   Why  t h i s   s h o u l d   b e  

n e c e s s a r y   is   no t   c l e a r l y   u n d e r s t o o d .   T h e r e   is  some  i n d i c a -  

t i o n   t h a t   t h e   p o t a s s i u m   f e r r i c y a n i d e   m o d i f i e s ,   in  some  w a y ,  
t he   l i g n i n   s u l p h o n a t e - p h e n o l   i n t e r a c t i o n .  

The  r e s i n   r e a c t i o n   s y s t e m   can  a l s o   c o n t a i n   t h e  

c o n v e n t i o n a l   a d d i t i v e s ,   s u c h   as  foam  s u p p r e s s a n t s .   T h e  

amoun t   of  w a t e r   u s e d   is   a l s o   a  m a t t e r   of  c o n v e n i e n c e .  

Where   a  l i q u i d   r e s i n   is  p r e p a r e d ,   i t   can  be  d i l u t e d   w i t h  

w a t e r   to  a  d e s i r e d   s o l i d s   c o n t e n t .   Where   a  s o l i d   r e s i n   i s  



r e q u i r e d ,   t h i s   can  be  o b t a i n e d   by  t h e   u s u a l   c o n c e n t r a t i o n  

and  w a t e r   r e m o v a l   t e c h n i q u e s   to  p r o v i d e   a  s o l i d ,   as  f l a k e s ,  

l u m p s ,   or  p o w d e r .   T h e s e   r e s i n s   a r e   a l s o   s u i t a b l e   f o r   s p r a y  

d r y i n g   to  o b t a i n   a  f r e e   f l o w i n g   p o w d e r ,   and  t h i s   is  t h e  

p r e f e r r e d   m e t h o d   f o r   o b t a i n i n g   a  d r y   p o w d e r   r e s i n .  

The  r e s i n   r e a c t i o n   c o n d i t i o n s   u s e d   a r e   g e n e r a l l y  

c o n v e n t i o n a l ,   t h e   t i m e   and  t e m p e r a t u r e   p r o f i l e s   and  m a n n e r  

of  c a t a l y s t   a d d i t i o n   b e i n g   s e l e c t e d   to  f i t   t h e   t y p e   o f  

r e s i n   d e s i r e d .   As  is   c o n v e n t i o n a l ,   a  v i s c o s i t y   m e a s u r e m e n t  

g e n e r a l l y   i s   u s e d   to  d e t e r m i n e   when  t h e   r e a c t i o n   h a s  

r e a c h e d   t he   d e s i r e d   l e v e l   of  p o l y m e r i z a t i o n .   C o n s e q u e n t l y  

many  of  t h e   u s u a l   f e a t u r e s   of  r e s i n   p r e p a r a t i o n   p r o c e d u r e s  

w h i c h   a r e   known  to  a f f e c t   f i n a l   r e s i n   p r o p e r t i e s   can  b e  

used   h e r e .   In  t h e   f o l l o w i n g   e x a m p l e s   a  number   of  v a r i a -  

t i o n s   a r e   g i v e n   f o r   r e s i n   p r e p a r a t i o n   b o t h   as  r e g a r d s  

r e a c t a n t   r a t i o s ,   a d d i t i o n   s e q u e n c e s   and  t e m p e r a t u r e  

p r o f i l e s .   In  t h e s e   e x a m p l e s   t he   l e t t e r   v i s c o s i t i e s   g i v e n  

a r e   G a r d n e r - H o l t .   P e r c e n t a g e s ,   u n l e s s   o t h e r w i s e   i d e n t i -  

f i e d ,   a r e   by  w e i g h t .   The  v a r i o u s   b o a r d   p r o p e r t i e s   m e n -  
t i o n e d   were   a l l   m e a s u r e d   by  s t a n d a r d   t e s t i n g   t e c h n i q u e s .  

E x a m p l e   1 

1000  g  k r a f t   b l a c k   l i q u o r   (50%  s o l i d s ,   pH  13)  w a s  
mixed   w i t h   768  g  p h e n o l ,   1079  g  f o r m a l d e h y d e   s o l u t i o n  

(50%) ,   3  g  a n t i f o a m   a g e n t ,   15  g  p o t a s s i u m   f e r r i c y a n i d e ,   a n d  

990  g  w a t e r .   T e m p e r a t u r e   was  a d j u s t e d   to   45°C  and  95  g  
s o d i u m   h y d r o x i d e   s o l u t i o n   (50%)  was  a d d e d .   The  m i x t u r e   w a s  

k e p t   a t   65°C  f o r   75  m i n u t e s   and  t h e n   a t   80°C  u n t i l   v i s c o -  

s i t y   C-D  was  o b t a i n e d .   A f t e r   c o o l i n g   t he   m i x t u r e   to  3 5 ° C ,  

68  g  s o d i u m   h y d r o x i d e   s o l u t i o n   (50%)  was  a d d e d   and  t h i s  

m i x t u r e   was  c o o l e d   to  25°C.   The  e x c e s s   of  w a t e r   w a s  

r e m o v e d   by  s p r a y - d r y i n g ,   t he   f i n a l   p r o d u c t   b e i n g   f i n e  

p o w d e r   of  t h e   f o l l o w i n g   c h a r a c t e r i s t i c s .  



The  r e s i n   and  ESSO  1728  wax  were   mixed   w i t h   wood  

w a f e r s   (2.5%  r e s i n ,   1.5%  wax)  and  w a f e r b o a r d s   were   p r e s s e d  

at   204°C  and  3375  kPa  p r e s s u r e   fo r   4  m i n u t e s   and  5  m i n u t e s .  

The  b o a r d s   o b t a i n e d   had  the   f o l l o w i n g   c h a r a c t e r i s t i c s   w h e n  

t e s t e d   a c c o r d i n g   to  the   CSA  ( C a n a d i a n   S t a n d a r d s   A s s o c i a -  

t i o n )   s p e c i f i c a t i o n s .  

24  Hour  Soak  T e s t  

E x a m p l e   2 

1000  g  b l a c k   k r a f t   l i q u o r   (50%  s o l i d s ,   pH  1 3 ) ,  

771  g  p h e n o l   and  16  g  p o t a s s i u m   f e r r i c y a n i d e   were   mixed   a n d  

m a i n t a i n e d   at   90°C  f o r   1  h o u r .   Then  t he   m i x t u r e   was  c o o l e d  

down  to  45°C,   and  1086  g  f o r m a l d e h y d e   s o l u t i o n   (50%) ,   984  g 
w a t e r   and  95  g  s o d i u m   h y d r o x i d e   s o l u t i o n   (50%)  were   a d d e d .  

The  m i x t u r e   was  h e l d   at   65°C  f o r   75  m i n u t e s ,   t h e n  

m a i n t a i n e d   at  80°C  u n t i l   v i s c o s i t y   A-B  was  o b t a i n e d .   T h e  

l i q u i d   was  t h e n   c o o l e d   down  and  s u b j e c t e d   to  s p r a y - d r y i n g .  

The  r e s u l t i n g   r e s i n   had  t he   f o l l o w i n g   c h a r a c t e r i s t i c s .  

When  w a f e r b o a r d s   were   made  f rom  t h i s   p o w d e r   i n  

t h e   same  way  as  in  E x a m p l e   1  t h e y   had  the   f o l l o w i n g  

p r o p e r t i e s .   ' 



24  Hour  Soak  T e s t  

E x a m p l e   3 

1000  g  b l a c k   k r a f t   l i q u o r   was  mixed   w i t h   1274  g 

f o r m a l d e h y d e   s o l u t i o n   (50%)  and  h e l d   at  70°C  f o r   45 

m i n u t e s .   Then  the   m i x t u r e   was  c o o l e d   to  45°C,   and  797  g 

p h e n o l ,   16  g  p o t a s s i u m   f e r r i c y a n i d e ,   700  g  w a t e r   and  169  g 
s o d i u m   h y d r o x i d e   s o l u t i o n   (50%)  were   a d d e d .   The  m i x t u r e  

was  m a i n t a i n e d   at  65°C  fo r   75  m i n u t e s   and  at  80°C  u n t i l  

v i s c o s i t y   C-D  was  o b t a i n e d .   A f t e r   c o o l i n g   the   m i x t u r e   t o  

35°C,   118  g  s o d i u m   h y d r o x i d e   s o l u t i o n   (50%)  was  a d d e d ,   t h e  

m i x t u r e   was  c o o l e d   down  and  s u b j e c t e d   to  s p r a y - d r y i n g .   T h e  

r e s u l t i n g   p o w d e r   had  the   f o l l o w i n g   c h a r a c t e r i s t i c s .  

W a f e r b o a r d s   made  f rom  t h i s   r e s i n   in  t he   same  w a y  
as  in  E x a m p l e   1  had  the   f o l l o w i n g   p r o p e r t i e s .  

24  Hour  Soak  T e s t  

E x a m p l e s   1  to  3  above   show  in  d e t a i l   r e s i n  

p r e p a r a t i o n   m e t h o d s ,   and  w a f e r b o a r d   p r o p e r t i e s   u s i n g   t h e s e  



r e s i n s .   In  t h e   f o l l o w i n g   two  t a b l e s   f u r t h e r   r e s i n s   a n d  

t h e i r   r e l a t e d   b o a r d s   a r e   d e s c r i b e d   in  o u t l i n e .   T a b l e   2 

p r e s e n t s   t he   same  t e s t   p a r a m e t e r s   as  t he   p r e c e d i n g  

e x a m p l e s .   The  f o l l o w i n g   s y m b o l s   a r e   u s e d   in  T a b l e   1 .  

P  :   p h e n o l  

F  :   50%  f o r m a l d e h y d e  

BL :   b l a c k   l i q u o r  

CN :  p o t a s s i u m   f e r r i c y a n i d e  

V i s c  :   v i s c o s i t y  

X  :   i n d i c a t e s   h e l d   at   s p e c i f i e d   t e m p e r a t u r e  

u n t i l   s p e c i f i e d   v i s c o s i t y   r e a c h e d .  

A l s o   in  t a b l e   1  t h e   m o l e s   f o r m a l d e h y d e   a n d  

c a t a l y s t   a r e   p e r   mole   p h e n o l ;   t he   BL  f i g u r e   is   a  w e i g h t  

r a t i o   pe r   1  p a r t   of  p h e n o l   ( i . e . ,   a  f i g u r e   of  .67  i n d i c a t e s  

.67  p a r t s   BL  to  1  p a r t   P  by  w e i g h t ) ;   and  t h e   CN  f i g u r e   i s  

p e r c e n t   by  w e i g h t   of  t he   p h e n o l .   ' P o s t   NaOH'  i n d i c a t e s  

t h a t   an  a d d i t i o n   of  s o d i u m   h y d r o x i d e   was  made  a t   35°C  a f t e r  

t he   r e a c t i o n   was  c o m p l e t e d ;   t he   f i g u r e   g i v e n   i s   m o l e s   NaOH 

a d d e d   p e r   mole   p h e n o l   u s e d   in  t he   p r e c e d i n g   r e a c t i o n .  

T h e s e   e x a m p l e s   a l s o   i n v o l v e   t he   use  of  s e v e r a l   d i f f e r e n t  

b a t c h e s   of  b l a c k   l i q u o r .   P a r t i c u l a r l y   in  T a b l e   1B  t h i s   i s  

t he   main   v a r i a b l e ,   as  f o u r   d i f f e r e n t   b a t c h e s   a r e   u s e d ,   o n e  

fo r   e a c h   of  t he   f o l l o w i n g   g r o u p s :   E x p e r i m e n t   1 6 - 1 9 ;   2 0 - 2 2 ;  

23,  24;  25.  In  t h e s e   t a b l e s ,   as  in  t he   p r e c e d i n g   e x a m p l e s ,  

s t a n d a r d   b o a r d   t e s t   t e c h n i q u e s   were   u s e d .   M . O . R . ,   M . O . E . ,  

I . B . ,   and  " a c c e l e r a t e d   a g i n g "   t e s t s   were   c a r r i e d   o u t  

a c c o r d i n g   to  t h e   t e c h n i q u e s   in  t he   C a n a d i a n   S t a n d a r d s  

A s s o c i a t i o n   t e s t s   f o r   W a f e r b o a r d ,   C A N 3 - 0 1 8 8 . 2 - M 7 8 .   L i n e a r  

e x p a n s i o n ,   t h i c k n e s s   s w e l l   and  w a t e r   a b s o r p t i o n   were   d e t e r -  

m i n e d   by  m e a s u r i n g   d i m e n s i o n a l   and  w e i g h t   c h a n g e s   c a u s e d   b y  

s o a k i n g   a  b o a r d   s a m p l e   in  w a t e r   at   room  t e m p e r a t u r e   f o r   24  

h o u r s .  











1.  A  p r o c e s s   f o r   t he   p r e p a r a t i o n   of  a  l i g n i n -  

m o d i f i e d   p h e n o l - f o r m a l d e h y d e   r e s i n   w h i c h   c o m p r i s e s  

r e a c t i n g   t o g e t h e r   p h e n o l ,   f o r m a l d e h y d e ,   l i g n o s u l p h o n a t e ,  

p o t a s s i u m   f e r r i c y a n i d e ,   and  an  a l k a l i   or  a l k a l i n e  

e a r t h   b a s i c   c a t a l y s t   in  t h e   f o l l o w i n g   r a t i o s :  

(a)  p h e n o l / f o r m a l d e h y d e :   f rom  1 : 1 . 8   to   1 : 3 . 0 ,  

on  a  m o l a r   b a s i s ;  

(b)  p h e n o l / b a s i c   c a t a l y s t :   1 : 0 . 1   to   1 : 0 . 5 ,   o n  

a  m o l a r   b a s i s ;  

(c)  p h e n o l / p o t a s s i u m   f e r r i c y a n i d e :   f rom  1 0 0 : 1  

to  1 0 : 1 ,   on  a  w e i g h t   b a s i s ;   a n d  

(d)  p h e n o l / l i g n o s u l p h o n a t e :   f rom  1 : 0 . 1   to   1 : 0 . 5  

on  a  w e i g h t   b a s i s   as  l i g n o s u l p h o n a t e   s o l i d s ,  

or  f rom  1 : 0 . 2   to   1 : 1 . 0   on  a  w e i g h t   b a s i s   a s  

l i g n o s u l p h o n a t e   l i q u o r   c o n t a i n i n g   a p p r o x i m a t e l y  

50%  by  w e i g h t   s o l i d s ,  

and  c o n t i n u i n g   t he   r e a c t i o n   u n t i l   a  d e s i r e d   v i s c o s i t y  

is   r e a c h e d ,   p r o v i d e d   t h a t   t h e   p o t a s s i u m   f e r r i c y a n i d e  

is   a d d e d   e i t h e r   w i t h   or  b e f o r e   t he   p h e n o l .  

2.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1  w h e r e i n   t h e  

l i g n o s u l p h o n a t e   is   in  t he   fo rm  of  a  b l a c k   l i q u o r .  

3.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1  or  c l a i m   2  w h e r e i n  

t he   c a t a l y s t   is   s o d i u m   h y d r o x i d e .  

4.  A  p r o c e s s   a c o r d i n g   to   any  p r e c e d i n g   c l a i m  

w h e r e i n   t he   l i g n o s u l p h o n a t e   and  f o r m a l d e h y d e   a r e  

p r e - r e a c t e d   t o g e t h e r ,   f o l l o w e d   by  t h e   a d d i t i o n  

of  t he   r e m a i n i n g   r e a c t a n t s .  

5.  A  p r o c e s s   a c c o r d i n g   to   any  of  c l a i m s   1  t o  

3  w h e r e i n   a t   l e a s t   a  p o r t i o n   of  t h e   p h e n o l ,   p o t a s s i u m  

f e r r i c y a n i d e   and  a t   l e a s t   a  p o r t i o n   of  t h e   l i g n o s u l p h o n a t e  

a r e   p r e - r e a c t e d   t o g e t h e r ,   f o l l o w e d   by  t he   a d d i t i o n  

of  t he   r e m a i n i n g   r e a c t a n t s .  



6.  A  p r o c e s s   a c c o r d i n g   to   any  of  c l a i m s   1  t o  

3  w h e r e i n   a t   l e a s t   a  p o r t i o n   of  t he   p h e n o l ,   p o t a s s i u m  

f e r r i c y a n i d e   and  t he   l i g n o s u l p h o n a t e   a r e   p r e - r e a c t e d  

t o g e t h e r ,   f o l l o w e d   by  the   a d d i t i o n   of  t h e   r e m a i n i n g  

r e a c t a n t s .  

7.  A  p r o c e s s   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m  

i n c l u d i n g   the   a d d i t i o n a l   s t e p s   of  c o o l i n g   t he   r e a c t i o n  

m i x t u r e   and  a d d i n g   t h e r e t o   a  p o s t - a d d i t i o n   of  b a s i c  

c a t a l y s t .  

8.  A  p r o c e s s   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m  

i n c l u d i n g   the   a d d i t i o n a l   s t e p s   of  c o o l i n g   t he   r e a c t i o n  

m i x t u r e   and  a d d i n g   t h e r e t o   a  p o s t - a d d i t i o n   of  s o d i u m  

h y d r o x i d e .  

9.  A  p r o c e s s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m  

w h e r e i n   t he   p h e n o l   i s   t e c h n i c a l   g r a d e   p h e n o l   w h i c h  

c o n t a i n s   up  to   a b o u t   85%  by  w e i g h t   of  m e t a -   a n d  

p a r a - c r e s o l .  

10.  A  p r o c e s s   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m  

i n c l u d i n g   t he   f u r t h e r   s t e p   of  c o n v e r t i n g   t he   r e s i n  

to  a  s o l i d   by  w a t e r   r e m o v a l .  

l l .   A  p r o c e s s   a c c o r d i n g   to   c l a i m   10  w h e r e i n   t h e  

w a t e r   is  r e m o v e d   by  s p r a y   d r y i n g .  

12.  A  m o d i f i e d   p h e n o l - f o r m a l d e h y d e   r e s i n   c o n t a i n i n g  

l i g n o s u l p h o n a t e ,   o b t a i n e d   by  r e a c t i n g   t o g e t h e r  

p h e n o l ,   f o r m a l d e h y d e ,   l i g n o s u l p h o n a t e ,   p o t a s s i u m  

f e r r i c y a n i d e ,   and  an  a l k a l i   or  a l k a l i n e   e a r t h   b a s i c  

c a t a l y s t   in  t he   f o l l o w i n g   r a t i o s :  

(a)  p h e n o l / f o r m a l d e h y d e :   f rom  1 : 1 . 8   to   1 : 3 . 0 .  

on  a  m o l a r   b a s i s ;  

(b)  p h e n o l / b a s i c   c a t a l y s t :   f rom  1 : 0 . 1   to   1 : 0 . 5  

on  a  m o l a r   b a s i s ;  

(c)  p h e n o l / p o t a s s i u m   f e r r i c y a n i d e :   f rom  1 0 0 : 1  

to  1 0 : 1 ,   on  a  w e i g h t   b a s i s ;   a n d  

(d)  p h e n o l / l i g n o s u l p h o n a t e :   f rom  1 : 0 . 1   to  1 : 0 . 5  

on  a  w e i g h t   b a s i s   as  l i g n o s u l p h o n a t e   s o l i d s ,  

or  f rom  1 : 0 . 2   to   1 : 1 . 0   on  a  w e i g h t   b a s i s   a s  

l i g n o s u l p h o n a t e   l i q u o r   c o n t a i n i n g   a p p r o x i m a t e l y  

50%  by  w e i g h t   s o l i d s ,  



and  c o n t i n u i n g   t he   r e a c t i o n   u n t i l   a  d e s i r e d   v i s c o s i t y  

is  r e a c h e d ,   p r o v i d e d   t h a t   t he   p o t a s s i u m   f e r r i c y a n i d e  

is   a d d e d   e i t h e r   w i t h   or  b e f o r e   t he   p h e n o l .  
13.  A  r e s i n   a c c o r d i n g   to   c l a i m   12  w h e r e i n   t h e  

c a t a l y s t   is   s o d i u m   h y d r o x i d e .  

14.  A  r e s i n   a c c o r d i n g   to   c l a i m   12  or  c l a i m   13 

w h e r e i n   t he   p h e n o l   is   t e c h n i c a l   g r a d e   p h e n o l   w h i c h  

c o n t a i n s   up  to  a b o u t   85%  by  w e i g h t   m e t a -   and  p a r a -  
c r e s o l .  

15.  A  r e s i n   a c c o r d i n g   to   any  of  c l a i m s   12  t o  

14  w h i c h   has   b e e n   d e h y d r a t e d   by  s p r a y   d r y i n g   t o  

p r o v i d e   a  s o l i d .  
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